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Vision contributes to upright postural control by providing afferent feedback to the 
cerebellum. Vision is generally classified into central and peripheral vision. In measurements 
of postural sway, in which participants are required to maintain a stable upright posture while 
fixating on a visual target, non-retinal eye positional information due to the fixation is used as 
well as the retinal information from both visual fields. However, little is known about the role 
of non-visual eye positional information in postural control. This study examined the role of 
non-visual eye position information in upright postural control by comparing participants’ 
centre of pressure (COP) sway between two experimental conditions: (1) a space-fixed visual 
target condition (control), in which eye movement was not controlled, and (2) a head-fixed 
visual target condition (treatment), in which eye movement was inhibited. Using 12 university 
students, COP sway and electrooculograms (EOG) were measured under both conditions. In 
the space-fixed condition, participants maintain an upright posture while fixating on a visual 
target fixed on a screen 1 m in front of them. In the headfixed condition, participants 
maintained an upright posture while gazing at a target moving in sync with their head sway on 
the screen. The COP was evaluated by path length, area, root mean square, velocity and 
position. Eye movements were evaluated by the mean eye movement angle. The mean eye 
movement angle was significantly larger in the vertical direction then in the horizontal 
direction in both experimental conditions and was also found to be larger in the space-fixed 
condition than in the head-fixed condition. No significant different was found in any COP 
parameter between both conditions. It was suggested that non-visual eye position information 
from the external eye muscles to the sensory perception system contributes little to postural 
stabilisation under the measurement conditions used in this study. 
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Introduction 
In order to maintain a bipedal upright standing stance without falling, we need to 
sustain and control the position and momentum of the centre of gravity of our entire body 
through a narrow base of support [1, 2]. For adequate postural control, humans normally keep 
revising a collapsing posture by integrating vestibular, visual and somatosensory information 
in the central nervous system from the whole body and by properly assessing the position and 
motion of the body in space [3, 4]. Many studies on upright standing postural control have 
used centre of pressure (COP) as an output measure. 
The vestibular and proprioceptive systems detect information internal to the body, and 
the visual system detects information related to the external environment separate from our 
body [5, 6]. COP sway markedly increases while standing in a dark room or with eyes closed 
[3, 7, 8]. A decrease in visual functions largely influences postural control and interferes with 
daily-life activities [9]. Because the elderly have a higher dependence on the visual system for 
postural control than young adults [10, 11], their fall accidents increase due to impaired visual 
functions. 
Jahn et al. [12] reported that “The effect of vision on stabilising posture has been 
widely examined in clinical settings [13–16]. These reports suggested that optic flow [17] 
caused by a wide range of external environment movements is reflected on the retina as a 
wide range of retinal slip, and retinal slip has an important role on the visual stabilisation of 
posture. For example, Gibson [17] and Lishman and Lee [18] reported that with a moving 
external environment (the visual image on the retina), participants lean to the direction of the 
movement of the visual image.” As above, it is known that there is a close relationship 
between self-motion perception and retinal slip on a broad area of the peripheral visual fields, 
including the peripheral visual field. 
In contrast, there are few studies reporting that central vision contributes to the 
stabilisation of posture. While maintaining an upright standing posture while fixating on a 
point of light fixed in a completely dark room, people may experience a unique sensation that 
the fixation point is moving but may not perceive their own self-motion. Under these 
conditions, the person is trying to maintain their postural stability by sensing body sway based 
on information from various sensory systems, including (1) the visual system, which detects 
visual information provided only in the central visual field, (2) the vestibular sensation system, 
which detects acceleration of the head, and (3) the somatosensory system, which detects 
plantar pressure. 
Specifically, eye movements occur to pursue the visual target with the central fovea, 
which is a most sensitive point in the visual field, while maintaining an upright posture and 
fixating on the visual target fixed in a dark room. The eye movements may include smooth 
pursuit and the vestibuloocular reflex (VOR). While the ocular following response (OFR) is 
reflexively induced by widerange movement in the visual fields, the smooth pursuit is an 
advanced voluntary eye movement that traces a visual target moving slowly in the central 
visual field. The VOR is a reflexive eye movement used to stably maintain the direction of the 
eyes toward the visual target while the head is moving. This reflex is induced when the 
vestibular system detects a movement of the head that interrupts stable fixation, and the 
central nervous system gives a command to move the eyes so as to cancel the head motion. 
Therefore, while fixating on a fixed visual target in a dark room, eye position 
information is sent by the ocular muscles to the sensory system simultaneously and in 
addition to the visual information, which acts as a trigger for the eye movements, namely the 
retinal slip within the central fovea. This non-visual eye position information is known to 
have an important role in the consistency of the visual world [19]. It was reported that 
participants could maintain their eye direction to the direction indicated previously with 
considerable accuracy, even in a completely dark room without any visual cues [19]. In this 
case, the cue available to the participants while fixating is the only information regarding eye 
position inside the eyepit, namely the non-visual eye position information. Therefore, it is 
suggested that the spatial orientation of the participants is maintained with considerable 
accuracy if participants cannot obtain visual information. 
We revealed in our previous study that body sway velocity became lower when 
participants, who were maintaining an upright standing posture in a dark room, were 
presented with a visual target as compared to the condition in which they received no visual 
cue [20]. This suggests that fixation in a dark room has the possibility to contribute to postural 
stabilisation. It is possible that either the visual information, induced by fixating, or the 
non-visual information contributes to the postural stabilisation, even in the case of upright 
standing posture with fixation on a visual target, such as in the equilibrium test. However, the 
influence of the non-visual information, due to central vision, on postural control has not been 
well studied previously. In this study, it was hypothesised that in the task of maintaining an 
upright standing posture, which is required in daily life, COP sway, as an output of postural 
control, changes with the suppression of eye movement. 
To examine the influence of non-retinal, non-visual eye position information on 
postural control while maintaining an upright standing posture and fixating on a visual target, 
we compared the participants’ COP sway between two experimental conditions: (1) a control 
condition (space-fixed visual target condition), in which eye movement was not controlled, 
and (2) a treatment condition (head-fixed visual target condition), in which eye movement 
was inhibited. 
 
Materials and Methods 
Subjects 
Twelve healthy males (age, 21.7±2.1 years, height, 172.2±4.4 cm, body weight, 
69.4±12.3 kg) participated in this study. Their monocular visual acuity tested by Landolt C 
was 1.0 or higher. The participants’ physical characteristics were almost the same as the 
agematched national standard values [21]. Prior to measurement, the purpose and procedure 
of this study were explained in detail and informed consent was obtained from them. 
 
Experimental conditions 
COP and electrooculograms (EOG) (horizontal and vertical directions) of each 
participant were measured in parallel under two sets of experimental conditions (Fig. 1). See 
the section on measurement procedures for more detailed information on the measurements of 
COP and EOG. In the space-fixed visual target condition (control), participants maintained an 
upright stance while fixating on a target placed on a screen 1 m in front of their eyes. In this 
condition, the head of the participant sways in sync with their body sway during an upright 
standing posture. Thus, while the participants fixate on the visual target, various eye 
movements (OFR, smooth pursuit, VOR) occur. The OFR is reflexively induced with a short 
latency by motion in a wide range of visual fields. Smooth pursuit is a voluntary eye 
movement for pursuing a visual target that is moving slowly. The OFR occurs due to the 
retinal slip of a wide range of visual fields, including the peripheral visual fields, while 
smooth pursuit occurs due to a small retinal slip within the central visual field. The VOR also 
induces a reflexive eye movement for maintaining the stability of eye direction towards a 
visual target. In this reflexive eye movement, head sway that interrupts the stable gaze is 
detected, and then the eyes are given a command to cancel the visual motion due to the head 
sway. 
Meanwhile, in the head-fixed visual target condition, participants maintained an 
upright stance while fixating on a target that was moving on the screen in sync with their head 
sway. The visual target moving in sync with the participant’s head sway was a point produced 
by a laser pointer set on each participant’s head. Because the pointed visual target was 
constantly positioned straight in front of the participant’s face, it was assumed that the 
participants were not required to perform any eye movements to track the visual target while 
maintaining an upright standing posture. This can be assumed because OFR, which 
reflexively occurs by retinal slip in a wide range of participants’ peripheral visual fields, is 
markedly inhibited by the voluntary smooth pursuit in this experimental condition. 
Humans have functions that stabilise their head vertically when the head is moved in, 
for example, vestibular-neck reflex by semicircular canal and otolith inputs. Put simply, eye 
movements may be suppressed because the participant’s neck muscle activities resulting from 
vestibular-neck reflexes occur due to body sway. To restrict these neck and trunk movements, 
participants placed headgear on their head, braced their neck with a tight corset and then 
secured the headgear to their trunk with hook and loop fasteners. 
Visual cues were presented over a wide range of the participants’ peripheral visual 
field (outside 20° of visual angle) by setting red tape (2 cm wide) on the white screen. Visual 
fields here are broadly classified into the central visual field (visual angle ≤2.5°) and the 
peripheral visual field (visual angle ≥2.5°) from viewpoints of the anatomical and functional 
differences of the retina [22]. 
 
***** Fig. 1 near here ***** 
 
Measurement procedures 
1) Electrooculogram (EOG) measurements 
To assess eye movements in horizontal and vertical directions, EOGs (μV) were 
collected while maintaining an upright stance and fixating on a visual target. The EOG 
method can measure all types of eye movements except for intraocular movements [23], and 
can detect eye movements from central fixation up to 70° with an accuracy under 2° [23, 24]. 
A tester attached electrodes to the outsides of both eyes, above and below the dominant eye, 
and at the frontal plane as a ground electrode to measure EOG of horizontal and vertical 
directions. Dead epithelial cells were rubbed off with an abrasive sandpaper and cleaned with 
an isopropyl alcohol swab before attaching the electrodes. 
After this preparation, a calibration of the EOG was performed by rotating the angle 
(°) of each participant’s eyeballs. The screen was a flat white board (2×3 m) subtending 67° 
height×90° width of visual angle. A tester set a reference visual target (at 10° above, below, 
right and left of the centre of fixation) for the calibration on the screen set in front of the 
participant and asked the participants to put on the above-stated head-neck fixture and to 
transfer their gaze to 10° right, left, above and below a central view point (0°) without moving 
their head. 
In addition, blinking needed to be prevented from being mixed into and contaminating 
the EOG (in the vertical direction) as spike signals to properly assess the eye movements’ 
magnitude. Thus, we asked them not to blink during each trial (for 1 min/trial). Even trials 
with well measured COP data were excluded from further analysis if the spike signal was 
mixed with EOG data. 
 
2) Center of pressure (COP) measurements 
A stabilometer (G5500, Anima, Japan) was used for COP measurements. This device 
can calculate the COP of vertical loads from the values of three vertical load sensors, which 
are put on the peak of an isosceles triangle on a level surface. Data were collected at 20.0 Hz 
and transferred to a personal computer following A/D conversion. 
The COP was measured in accordance with the standard procedure of the committee 
for standardisation of stabilometric methods and presentations [25]. Participants stood on a 
footprint painted on the stabilometer with their heels together and with their arms hanging 
loosely by their sides. 
Participants practised COP sway measurement once before the experiment. A tester 
monitored each participant’s COP sway trajectory in each trial and started 5 trials of 
measurements for 1 min after confirming a stable trajectory. Between the three trials, the 
participants were allowed to rest (in a sitting position) for 1 min to take into consideration the 
influence of fatigue. If the participant’s foot moved from a position marked with a pen on the 
stabilometer between trials, they were asked to return it to the original position. The mean of 
trials, except for error data, was used as a representative value for further analysis. 
 
Parameters 
To evaluate COP sway characteristics, we used 12 parameters of COP: three 
parameters of path length, one parameter of sway area, three parameters of the root mean 
square, three parameters of sway velocity and two parameters of position (Table 1). 
To assess eye movements, we used angle time series data (°) converted from the EOG 
(horizontal and vertical directions) (μV). After subtracting the mean value of the eye 
movement angle data from values at each sampling point in the respective sequences and a 
rectifying process, a mean eye movement angle (°) at each sampling point was calculated by 
dividing the integrated value for 1 min (1 trial) by the total number. 
 
Analysis methods 
To test the mean difference of each COP parameter between both experimental 
conditions, an unpaired t-test was used. As for the mean eye movement angle, two-way 
ANOVA (eye movement direction: horizontal and vertical directions×experimental condition: 
space-fixed and head-fixed visual target conditions) for repeated measurements was used. 
Tukey’s honestly significant difference (HSD) method was used for a multiple comparison 




Table 2 shows the test results of two-way ANOVA (eye movement direction × 
experimental condition) and multiple comparisons for mean eye movement angles. The mean 
eye movement angle was significantly larger in the vertical direction than in the horizontal 
direction in both experimental conditions, and was also found to be larger in the spaced-fixed 
visual target condition than in the head-fixed visual target condition. Table 1 shows the test 
results for COP parameters between both experimental conditions. No significant difference 
was found in any COP parameters. 
 
***** Tables 1 and 2 near here ***** 
 
Discussion 
In the space-fixed visual target condition, participants gazed at a stationary visual 
target on a screen placed before their eyes. Eye movements therefore occurred due to the 
participants’ own head sway induced by body sway. In contrast, in the head-fixed visual target 
condition, participants’ eye movements were suppressed because the participants fixated on a 
head-mounted visual target moving in sync with their head sway. It was confirmed that eye 
movements were suppressed by the head-fixed condition selected in this study but were not 
entirely inhibited. The mean angles of the eye movement in the horizontal and vertical 
directions were lower in the head-fixed visual target condition (Table 2). The EOG method, 
which has a high measurement accuracy [23, 24], has been used to measure almost all types 
of eye movements [25]. In addition, the tester asked participants not to blink during EOG 
measurements. It is therefore assumed that the EOG data included few electric potential 
components other than eye movements induced by focusing on a target. The experimental 
conditions used in this study seemed to be appropriate to examine the experimental 
hypothesis. 
As a result of the comparison of COP sway parameters measured under both 
experimental conditions, no difference was found in any parameters between experimental 
conditions. The above-stated results conflict with our hypothesis that non-visual information, 
i.e., extraretinal information such as the motor commands sent to the extraocular muscles 
(efference copy or corollary discharge) [26–28] or the inflow sensory information derived 
from extraocular muscle proprioceptors [26, 29], contributes to stabilise an upright standing 
posture. In both the spacefixed and head-fixed conditions used in this study, the task of 
maintaining a stationary standing upright stance was adopted. As a result, the mean eye 
movement angle was very small (about 2° in the horizontal direction and about 3° in the 
vertical direction) while fixating on a visual target fixed in front of the participants’ eyes, even 
in the space-fixed condition. This study used a similar measurement condition to the actual 
equilibrium test to allow for the practical application of our findings. In such measurement 
conditions, in which participants maintain an upright standing posture while fixating on a 
stationary fixed visual target, eye movement caused by the fixation task occurs. Eye 
movement induces non-visual eye position information that is in addition to retinal 
information. However, during a static upright standing posture, the amount of eye position 
information associated with eye movement during fixating may not be sufficient to contribute 
to postural stabilisation. 
When a participant moves both eyes, the position of the image of visual targets in the 
external world on the retina changes. Therefore, it is impossible to determine the correct 
position of the visual targets by simply using the position of the image on the retina. Namely, 
to determine the correct position, information regarding how much and in which direction the 
eyes moved (eye position information) is necessary [19]. Matin et al. [30] reported that when 
stupefying extraocular muscles by curare, error in the spatial orientation after eye movement 
was found. This result suggests that adequate eye position information was not sent to the 
sensory system due to the stupefaction of the ocular muscles. However, when this 
experimental trial was conducted in a bright room, the error disappeared. Similar findings 
were seen in Stark and Bridgeman’s [31] report. In this study, there were rich visual cues in 
addition to the eye position information, because trials of both experimental conditions were 
conducted in a bright room. Thus, there is a possibility that the consistency of the visual world 
can be maintained, because the suppressed eye position information in the head-fixed 
condition was compensated for by such visual information. 
There are a few limitations in this study. A visual target moving in sync with the 
participant’s head sway was created by a head-mounted laser pointer. Because this 
head-mounted visual target was positioned straight in front of the participant’ face, it was 
assumed that eye movement does not occur in this head-fixed visual target condition. 
However, complete suppression of each participant’s eye movements was not achieved. In the 
head-fixed condition, eye movement was suppressed. Alternatively, the retinal slip in a 
direction opposite to movement of the visual target moving in sync with participants’ head 
sway on the peripheral visual fields occurs. This retinal slip was also induced in the control 
condition (space-fixed visual target condition). However, the amount of the retinal slip is 
larger in the head-fixed condition. This may have a contradictory affect on eye movement 
suppression. Further study is necessary to investigate the influence of eye movement on 
postural control. 
In conclusion, it was suggested that non-visual eye position information from external 
eye muscles to the sensory perception system contributes little to postural stabilisation under 
the measurement conditions used in this study. 
 
Conflict of interest statement  






















1. Duarte M, Zatsiorsky VM (2002) Effects of body lean and visual information on the 
equilibrium maintenance during stance. Exp Brain Res 146: 60-69 
2. Allison L. Balance disorders. In: Umphred DA, editor. Neurological rehabilitation, 3rd 
edn. St Louis, MO: Mosby; 1995. p.802–37 
3. Fransson PA, Kristinsdottir EK, Hafstrom A, Magnusson M, Johansson R (2004) Balance 
control and adaptation during vibratory perturbations in middle-aged and elderly humans. 
Eur J Appl Physiol 91: 595-603 
4. Vuillerme N, Pinsault N, Vaillant J (2005) Postural control during quiet standing 
following cervical muscular fatigue: effects of changes in sensory inputs. Neurosci Lett 
378: 135-139 
5. Cherng RJ, Lee HY, Su FC (2003) Frequency spectral characteristics of standing balance 
in children and young adults. Med Eng Phys 25; 509-515 
6. Giacomini P, Sorace F, Magrini A, Alessandrini M (1998) Alterations in postural control: 
the use of spectral analysis in stability measurement. Acta Otorhinolaryngol Ital 18: 
83-87 
7. Silfies SP, Cholewicki J, Radebold A. (2003) The effects of visual input on postural 
control of the lumbar spine in unstable sitting. Hum Mov Sci 22(3): 237-252. 
8. Guerraz M, Sballo-Hoffmann J, Yarrow K, Tbilo KV, Bronstein AM, Gresty MA. (2000) 
Visual Control of Postural Orientation and Equilibrium in Congenital Nystagmus. IOVS 
41(12): 3798-3804 
9. Singh MM, Malhotra HS (2003) Falls in the elderly--clinician's approach. J Indian Med 
Assoc. 101(7), 420, 422, 424. 
10. Load SR, Menz HB (2000) Visual contributions to postural stability in older adults. 
Gerontology 46(6): 306-310 
11. Hashizume K, Itoh H, Maruyama H, Saito H, Ishikawa M (1986) Age-related changes of 
stability in standing posture. Jpn J Geriat 23: 85-92 [In Japanese] 
12. Jahn K, Strupp M, Krafczyk S, Schuler O, Glasauer S, Brandt T (2002) Suppression of 
eye movements improves balance. Brain 125: 2005-2011 
13. Lee DN, Lishman JR (1974) Visual proprioceptive control of stance. J Hum Mov Stud 1: 
87-95 
14. Nashner LM (1970) Sensory feedback in human postural control. In: Man Vehicle Lab. 
Cambridge (MA): MIT Press. P. MVT70-73 
15. Edwards AS (1946) Body sway and vision. J Exp Psychol 36: 526-535 
16. Travis RC (1945) An experimental analysis of dynamic and static equilibrium J Exp 
Psychol 35: 216-234 
17. Gibson JJ (1950) The Perception of the Visual World, Houghton Mifflin, Boston 
18. Lishman JR, Lee DN (1973) The autonomy of visual kinaesthesis. Perception 2: 287-294 
19. Osaka R (1993) Experimental psychology of eye movements. The University of Nagoya 
Press, Nagoa, Japan [in Japanese] 
20. Uchiyama M, Demura S (2008) Low visual acuity is associated with the decrease in 
postural sway. Tohoku J Exp Med 216(3): 277-285 
21. Laboratory of Physical Education, Tokyo Metropolitan University (2000) New physical 
fitness standards of Japanese people, 5th ed. Fumaido, Tokyo, Japan [in Japanese] 
22. Margolis MK, Coyne K, Kennedy-Martin T, Baker T, Schein O, Revicki DA (2002) 
Vision-specific instruments for the assessment of health-related quality of life and visual 
functioning: a literature review. Pharmacoeconomics 20(12): 791-812 
23. Stern RM, Ray WJ, Quigley KS (2001) Psychophysiological recording. Oxford 
University Press, Oxford 
24. Andreassi JL (2000) Human behavior & physiological response. Lawrence Erlbaum 
Associates, New York 
25. Kapteyn TS, Bles W, Njiokiktjien CJ, Kodde L, Massen CH, Mol JMF (1983) 
Standardization in platform stabilometry being a part of posturography. Agressologie 
24(7): 321-326 
26. Weir CR, Cleary M, Parks S, Dutton GN (2000) Spatial localization in esotropia: Does 
extaretinal eye position information change? Invest Ophthalmol Vis Sci 41: 3782-3786 
27. Sperry RW (1950) Neural basis of the spontaneous optokinetic response produced by 
visual neural inversion. J Comp Physiol Psychol 43: 482-489 
28. Holst HV (1954) Relations between the central nervous system and the peripheral organs. 
Br J Anim Behav 2: 89-94 
29. Sherrington CS (1918) Observations of the sensual role of the proprioceptive nerve 
supply of the extrinsic ocular muscles. Brain 41: 332-343 
30. Matin L, Picoult E, Stevens JK, Edwards MW, Young D, MacArthur R (1982) 
Oculoparalytic illusion: Visual-field dependent spatial misoocalization by humans 
partially paralyzed with ccurare. Science 216: 198-201 
31. Stark L, Bridgeman B (1983) Role of corollary discharge in space constancy. Perception 




































Fig. 1 Schematic view of each experimental condition. In both experimental conditions, 
























































*p<0.05; A, factor of experimental condition; B, factor of eye-movement direction; I, 
interaction 
 
 
 
 
 
 
